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Abstract 



PROBLEM TO BE SOLVED: To provide a semiconductor device having no lowered breakdown voltage 
between a drain and a source, even in the case of wiring a high-potential drain electrode over an element 
separation region. 

SOLUTION: An n+ type drain region 5 is formed approximately in the center inside an element formation 
region 4, a p-type channel region 6 is formed inside the element formation region 4 exclusive of a lower part 
of a drain electrode 12 and its neighborhood in contact with a p+ type element separation region 3 so as to 
enclose the n+ type drain region, and n+ type source region 7 is formed inside the element formation region 
for being involved inside the p-type channel region 6 and the p+ type element separation region 3. A p-type 
impurity region 8 is formed between the p-type channel region 6 and the n+ type drain region 5, and inside 
the element formation region 4 in the lower part of the drain electrode 12 and in its neighborhood, and a 
conductive layer 14 is formed inside an insulating layer 1 1 on the p-type impurity region 8 for performing 
capacitive coupling. The area of an overlapping part of the conductive layer 14 consisting of capacitive 
coupling of the lower part of the drain electrode is made smaller as it goes toward the outer circumference of 
the element formation region. 
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Lines 9 to 1 8 of the right column on page 2 

Figure 3 is a schematic diagram showing the LDMOSFET 
according to the conventional example. Figure 3(a) is a schematic plan 
view showing the structure seen from the upper side thereof, and Figure 
3(b) is a schematic section view taken from a line A- A' in Figure 3(a). In 
the LDMOSFET, a n-type epitaxial layer 2 is formed on a p-type 
semiconductor substrate 1 and a p + -type isolation region 3 is formed so as 
to be extended from the surface of the n-type epitaxial layer 2 to the p-type 
semiconductor substrate 1 . Further, there are formed a plurality of device 
forming regions 4 which are made of the n-type epitaxial layer 2 and 
isolated from one another by the p-type semiconductor substrate 1 and the 
p + -type isolation region 3. 

Lines 11 to 50 of the left column on page 4 

Figure 1 is a diagram showing the LDMOSFET according to one 
embodiment of the present invention. Figure 1(a) is a schematic plan 
view, and Figure 1(b) is a schematic enlarged view of the lower part of the 
drain electrode 12 and the conductive layers 14 in the vicinity thereof. 
Referring to the LDMOSFET according to the present embodiment, the 
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lower part of the drain electrode 12 and the capacitor coupled conductive 
layers 14 in the vicinity thereof are composed so that the areas of 
overlapping portions of respective two opposed conductive layers 14 
become smaller as it is farther from the n + -type drain region 5 at the 
approximate center of the device forming region 4 and is nearer to the 
outer circumference of the device forming region 4, and the capacitance 
composed by the lower part of the drain electrode 12 and the conductive 
layers 14 in the vicinity thereof becomes smaller as it is farther from the 
approximate center of the device forming region 4 and is nearer to the 
outer circumference thereof in the LDMOSFET of Figure 3 showing the 
conventional example. 

[0018] Wherein, the impurity concentration and the thickness of the n-type 
epitaxial layer 2 are set optimally according to a desired withstanding* 
voltage. Generally, it is preferable to set the product of the impurity 
concentration and the thickness of the n-type epitaxial layer 2 to be 
approximately 1 X 10 /cm . 

[0019] As described above, in the present embodiment, the capacitance 
composed of the lower part of the drain electrode 12 and the conductive 
layers 14 in the vicinity thereof becomes smaller as it is farther from the 
approximate center of the device forming region 4 and is nearer to the 
outer circumference thereof. Accordingly, an almost optimum potential 
distribution can be attained by previously setting the potential distribution 
of the lower part of the drain electrode 12 and the vicinity thereof 
eccentric to the approximate center of the device forming region 4, so as to 
offset the eccentricity of the potential distribution to the outer 
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circumference of the device forming region 4, which is due to the 
application of a high potential to the drain electrode 12. Consequently, it 
becomes possible to prevent decrease in a withstanding voltage caused by 
field concentration. 

[0020] Wherein, in the present embodiment, for attaining the structure in 
which the capacitance composed of the lower part of the drain electrode 
12 and the conductive layers 14 in the vicinity thereof becomes smaller as 
it is farther from the approximate center of the device forming region 4 
and is nearer to the outer circumference thereof, there is employed a 
method of making the areas of the overlapping portions of the respective 
two opposed conductive layers 14 smaller as it is farther from the n + -type 
drain region 5 at the approximate center of the device forming region 4, 
and is nearer to the outer circumference thereof. However, employable 
methods are not limited to this one. For example, as shown in Figure 2, 
there can be employed a method of making distance between pairs of the 
capacitor coupled conductive layers 14 longer as it is farther from the 
n + -type drain region 5 at the approximate center of the isolation region 4, 
and is nearer to the outer circumference thereof. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide a semiconductor device 
having no lowered breakdown 
voltage between a drain and a 
source, even in the case of wiring 
a high-potential drain electrode 
over an element separation 
region. 

SOLUTION: An n+ type drain 
region 5 is formed approximately 
in the center inside an element 
formation region 4, a p-type 
channel region 6 is formed inside 
the element formation region 4 
exclusive of a lower part of a 
drain electrode 12 and its 
neighborhood in contact with a p+ 
type element separation region 3 
so as to enclose the n+ type drain 
region, and n+ type source region 
7 is formed inside the element 
formation region for being 
involved inside the p-type 
channel region 6 and the p+ type 
element separation region 3. A 
p-type impurity region 8 is formed 
between the p-type channel 
region 6 and the n+ type drain 
region 5, and inside the element 
formation region 4 in the lower 
part of the drain electrode 12 and 
in its neighborhood, and a 
conductive layer 14 is formed 
inside an insulating layer 1 1 on 
the p-type impurity region 8 for 
performing capacitive coupling. 
The area of an overlapping part of 
the conductive layer 14 
consisting of capacitive coupling 
of the lower part of the drain 
electrode is made smaller as it 
goes toward the outer 
circumference of the element 
formation region. 
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